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(54) In-tank fuel supply apparatus 

(57) A fuel supply apparatus for installation in a fuel 
tank includes a fuel pump, a housing, and a filter ele- 
ment disposed in the housing and having an upstream 
side communicating with the discharge port of the fuel 
pump. A check valve communicates with a downstream 
side of the fuel filter, and a pressure regulator commu- 
nicates with the upstream side of the filter element. A 
sedimentation flow path may be provided for removing 
sediment from fuel discharged from the pressure regu- 
lator. The sedimentation flow path may be substantially 
cylindrical vortex spaces between fins disposed on the 
inner periphery of the pump holder and has blind holes 
at the bottom for trapping the sediments. 
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bescription 

Background of the Invention 

1. Field of the Invention 

[0001 ] This invention relates to an in-tank fuel supply 
apparatus for installation in a fuel tank of a vehicle, for 
example. In particular, it relates to an in-tank fuel supply 
apparatus in which a fuel pump, a fuel filter, a pressure 
regulator, and a check valve are part of an assembly 
which can be installed in a fuel tank as a single unit. 

2. Description of the Related Art 

[0002] Figure 9 is a cross-sectional elevation of a con- 
ventional in-tank fuel supply apparatus disclosed in Jap- 
anese Published Unexamined Patent Application Hei 
11-241659 having a fuel pump, a fuel filter, a pressure 
regulator, and a check valve combined as part of an as- 
sembly for installation in a fuel tank. Figure 1 0 is a sche- 
matic illustration of the apparatus of Figure 9, and Figure 
11 is an enlarged cross-sectional elevation of a conven- 
tional pressure regulator which can be used as the pres- 
sure regulator of the apparatus of Figure 9. 
[0003] The fuel supply apparatus of Figures 9 and 1 0 
is disposed in a fuel tank 1 and includes a fuel pump 2, 
an intake filter 3 disposed upstream of the inlet of the 
fuel pump 2, and a fuel filter unit 4 disposed downstream 
of the discharge port of the fuel pump 2. A filter element 30 
6 is disposed inside a main housing 5 made from a mold- 
ed resin. The fuel pump 2 is supported by a downwardly 
extending lower portion of the main housing 5. The dis- 
charge port of the fuel pump 2 communicates through 
a connecting pipe with a space within the main housing 35 
5 at an inlet 5a on the upstream side of the filter element 
6. 

[0004] The fuel supply apparatus further includes an 
upper housing 7 made of a molded resin. After the filter 
element 6 is inserted into the main housing 5, the upper 40 
housing 7 is sealed to the main housing 5 in an oil tight 
manner by solvent bonding or other suitable method to 
enclose the filter element 6, so that fuel can flow within 
the fuel filter unit 4 from the inlet 5a through the filter 
element 6 to the outlet 5b. The upper end of the upper 45 
housing 7 has a flange formed thereon by which the fuel 
supply apparatus can be mounted on the upper surface 
of the fuel tank 1 . 

[0005] The fuel supply apparatus is equipped with a 
fuel supply passage 8 for carrying fuel from the outlet sc 
5b of the fuel filter unit 4 to an unillustrated engine. The 
fuel supply passage 8 is integrally formed with the upper 
housing 7. A check valve 9 is provided in the fuel supply 
passage 8 for preventing reverse flow of fuel from the 
engine to the fuel filter unit 4. The fuel supply passage 5t 
8 and the outlet 5b are connected to each other by sol- 
vent bonding at the same time that the upper housing 7 
is sealed in an oil tight manner by solvent bonding to the 



upper end of the main housing 5. A pressure regulator 
10 is provided for maintaining the pressure of fuel sup- 
plied to the engine in a prescribed range. It returns ex- 
cess fuel which is not supplied to the engine to inside 
the fuel tank 1 . During normal operation of the fuel sup- 
ply apparatus, the amount of fuel discharged by the fuel 
pump 2 is greater than the amount of fuel which is con- 
sumed by the engine. 

[0006] Figure 10 is a schematic illustration of the fuel 
supply apparatus of Figure 9. This figure shows that the 
check valve 9 is disposed downstream of the filter ele- 
ment 6, and that the pressure regulator 10 is mounted 
on a pipe which branches off the nipple 8a of the fuel 
supply passage 8 downstream of the check valve 9. 
[0007] In a fuel supply apparatus of this type, when 
the fuel pump 2 is operated, liquid fuel is sucked from 
the interior of the fuel tank 1 by the fuel pump 2 through 
the intake filter 3. The fuel is pressurized to 200 - 700 
kPa by the fuel pump 2, and then it enters the fuel filter 
unit 4 through the inlet 5a. Coarse debris and other con- 
taminants are removed from the fuel by the intake filter 
3, while fine contaminants are removed from the fuel by 
the filter element 6 in the fuel filter unit 4. After passing 
through the filter element 6, the filtered fuel is dis- 
charged from the outlet 5b and passes through the fuel 
supply passage 8 through the check valve 9 to be sup- 
plied to the engine. The pressure of the fuel supplied to 
the engine is maintained in a prescribed range by the 
pressure regulator 10, which discharges excess fuel to 
inside the fuel tank 1 when the pressure in the fuel sup- 
ply passage 8 exceeds a prescribed level due to an in- 
crease in the output of the fuel pump 2 or a decrease in 
fuel consumption by the engine. The check valve 9 
maintains the fuel pressure in the engine when the fuel 
pump 2 is stopped. 

[0008] In a fuel supply apparatus like that described 
above, since the pressure regulator 10 communicates 
with the fuel supply passage 8 downstream of the check 
valve 9, when the fuel pump 2 is stopped, in order to 
maintain the fuel pressure in the engine, the pressure 
regulator 10 must have a good ability to maintain a seal 
between its upstream and downstream sides. 
[0009] An example of a pressure regulator having a 
good sealing ability is shown in Figure 11 , which is an 
enlarged cross-sectional elevation of a conventional 
pressure regulator disclosed in Japanese Published Un- 
examined Patent Application Hei 5-21 5048. In this pres- 
sure regulator 1 0, a movable valve 1 0c which is secured 
to a spherical bearing 10b is mounted on a diaphragm 
10a for sensing fuel pressure. The valve 1 0c opposes 
a valve seat 1 0d which communicates with a discharge 
port. 

[0010] When the fuel pressure increases to a level 
such that the force acting upwardly on the diaphragm 
10a due to fuel pressure exceeds the downwards force 
exerted by a back pressure spring 10e, the diaphragm 
1 0a deforms upwards and valve 1 0c separates from the 
valve seat 1 0d to create a gap. As a result, fuel is dis- 
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charged through the gap between the valve 1 Oc and the 
valve seat 1 Od, and the fuel pressure on the engine side 
of the pressure regulator 10 is maintained constant. 
[0011] When the fuel pressure decreases below a 
certain level, the valve 10c is made to contact the valve 5 
seat 10d by the force of the back pressure spring 10e, 
and the discharge of fuel from the fuel regulator 10 is 
stopped. Since the movement due to deformation of the 
diaphragm 10a is not uniform, the valve 10c is supported 
by the spherical bearing 10b so as to be able to freely 
pivot so that the valve 10c 'can intimately contact the 
valve seat 10d and prevent leaks of fuel to the down- 
stream side of the pressure regulator 1 0 to maintain the 
fuel pressure in the fuel supply passage 8. 
[0012] While the pressure regulator 10 of Figure 11 
has good sealing performance, it has the drawback that 
it is expensive to manufacture due to the need to per- 
form high precision finishing of the spherical bearing 
1 0b, the valve 1 0c, and the valve seat 1 0d. Furthermore, 
the diameter of the diaphragm 10a must be fairly large 
in orderto give the valve 1 0c good durability and in order 
to support the valve 10c in a manner such that it can 
freely pivot, and this leads to an increase in the outer 
dimensions of the pressure regulator 1 0, which is an im- 
pediment to obtaining a compact fuel supply apparatus. 

Summary of the Invention 

[0013] The present invention provides a fuel supply 
apparatus which can employ an inexpensive pressure 
regulator having a simple and compact structure. 
[0014] The present invention also provides a fuel sup- 
ply apparatus which enables an engine which is sup- 
plied fuel by the fuel supply apparatus to be quickly re- 
started after being off for an extended period. 
[001 5] According to one form of the present invention, 
a fuel supply apparatus includes a fuel pump, a housing, 
and a filter element disposed in the housing and having 
an upstream side communicating with a discharge port 
of the fuel pump. A fuel supply passage communicates 
with the interior of the housing on a downstream side of 
the filter element for supplying fuel to an engine. A check 
valve for preventing reverse flow of fuel through the fuel 
supply passage communicates with a downstream side 
of the filter element, and a pressure regulator commu- 
nicates with the upstream side of the filter element. 
[001 6] The apparatus may further include a sedimen- 
tation flow path communicating with an outlet of the 
pressure regulator for removing sediment from fuel dis- 
charged from the pressure regulator and returning the 
fuel to inside the fuel tank. 

[001 7] The sedimentation flow path may include a re- 
cess for receiving sediment which settles from fuel pass- 
ing through the sedimentation flow path. 
[0018] The apparatus may further include a pump 
holder which is attached to the housing and supports 
the fuel pump, and a vibration absorber disposed be- 
tween the pump holder and the fuel pump, wherein the 
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sedimentation flow path comprises a space formed be- 
tween an outer periphery of the fuel pump, an inner pe- 
riphery of the pump holder, and the vibration absorber. 
[0019] The housing may include a passage commu- 
nicating between an upper portion of the housing and 
the pressure regulator to prevent the housing from run- 
ning dry when an engine to which the fuel supply appa- 
ratus supplies fuel is turned off for an extended period. 
[0020] The apparatus may further include a pump 
holder surrounding the fuel pump for supporting the fuel 
pump from the housing, the sedimentation flow path 
comprising a space formed between an outer periphery 
of the fuel pump and an inner periphery of the pump 
holder. 

[0021] A portion of the space defined between the in- 
ner periphery of the pump holder and the outer periphery 
of the fuel pump may be vertically partitioned to define 
an annular sedimentation flow path extending along the 
outer periphery of the pump holder, and the sedimenta- 
tion flow path may include substantially cylindrical vor- 
tex spaces defined between a plurality of fins projected 
from the inner periphery of the pump holder and having 
blind holes disposed at the bottom of the vortex spaces 
for trapping the sediments. 

Brief Description of the Drawings 

[0022] 

Figure 1 is a cross-sectional elevation of a first em- 
bodiment of a fuel supply apparatus according to 
the present invention installed in a fuel tank. 
Figure 2 is a cross-sectional view taken along line 
2-2 of Figure 1 . 

Figure 3 is a schematic illustration of the embodi- 
ment of Figure 1 . 

Figure 4 is an enlarged cross-sectional elevation of 
the pressure regulator of the embodiment of Figure 
1. 

Figure 5 is a cross-sectional elevation of another 
embodiment of a fuel supply apparatus according 
to the present invention installed in a fuel tank. 
Figure 6 is a cross-sectional view taken along line 
6-6 of Figure 5. 

Figure 7 is a schematic illustration of the embodi- 
ment of Figure 5. 

Figure 8 is an enlarged perspective view of the vi- 
bration absorber of the embodiment of Figure 5. 
Figure 9 is a cross-sectional view of another em- 
bodiment of the sedimentation flow path defined by 
the vibration absorber. 

Figure 1 0 is an enlarged fragmental sectional view 
of the sedimentation flow path shown in Figure 9. 
Figure 11 is a sectional side view. taken along line 
11-11 of Figure 9. 

Figure 12 is a cross-sectional elevation of a con- 
ventional fuel supply apparatus. 
Figure 13 is, a schematic illustration of the fuel sup- 
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ply apparatus of Figure 12. 
Figure 14 is an enlarged cross-sectional elevation 
of a conventional pressure regulator for a fuel sup- 
ply apparatus. 

Description of Preferred Embodiments 

[0023] A number of preferred embodiments of a fuel 
supply apparatus according to the present invention will 
be described with reference to the accompanying draw- 
ings Figures 1 - 4 illustrate a first embodiment. Figure 
1 is a cross-sectional elevation of this embodiment, Fig- 
ure 2 is a cross-sectional view taken along line 2-2 of 
Figure 1 Figure 3 is a schematic illustration of this em- 
bodiment, and Figure 4 is an enlarged cross-sectional 
elevation ot the pressure regulator of this embodiment. 
[0024] in these figures, elements 1 - 6, 8, and 9 are 
the same as explained with respect to Figures 9 - 1 1 , so 
an explanation of these elements will be omitted. 
[00251 The illustrated fuel supply apparatus includes 
a filter element support wall 6a which supports the filter 
medium of the filter element 6 and separates fuel which 
has been filtered from unfiltered fuel within the main 
housing 5. The element support wall 6a is made from 
an electrically conducting resin, and it acts as a conduc- 
tor for dissipating static electricity which is generated 
during filtration of the fuel. 

[0026] The fuel supply apparatus also includes an up- 
per housing 11 which is made of an electrically conduct- 
ing resin and is joined to the main housing 5 by solvent 
bonding or other suitable method along a joining surface 
1 2 A check valve 9 is provided in the upper housing 1 1 
in a location which communicates with the outlet 5b of 
the main housing 5. When the main housing 5 is joined 
to the upper housing 11 by solvent bonding, a housing 
for the fuel filter unit 4 is formed. The element support 
wall 6a which is also subjected to solvent bonding, 
forms a fuel passage communicating with the check 
valve 9 The element support wall 6a is electncally con- 
nected to the upper housing 11 , so static electricity can 
be dissipated through the upper housing 11 . 
[0027] A cover 1 3 having a mounting flange at its up- 
per end fits over the upper housing 11 . The fuel supply 
apparatus can be mounted in an opening in the top of 
the fuel tank 1 by means of the flange of the cover 13. 
The fuel pump 2 is supported by a pump holder 1 5 which 

fits over the lower end of the main housing 5. One or 
more terminals, such as a power supply terminal con- 
nected to the fuel pump 2, a grounding terminal connect- 
ed to the upper housing 11 , and a connecting terminal 
for an unillustrated fuel gauge may be mounted atop the 
cover 13. A fuel supply passage 8 including a nipple 8a 
for supplying fuel to an unillustrated engine extends 
from the top of the cover 13. In addition to supporting 
the fuel pump 2, the pump holder 1 5 supports apressure 
regulator 20. A vibration absorber 1 6 made of rubber or 
other resilient material may be disposed between the 
pump holder 1 5 and the lower end of the fuel pump 2 to 



absorb vibrations of the fuel pump 2. The vibration ab- 
sorber 1 6 has an opening in its lower end through which 
fuel can pass between the intake filter 3 and the inlet of 
the fuel pump 2. A bush 14 may be provided on the dis- 
s charge port of the fuel pump 2 and around the check 
valve 9. 

[0028] As shown in Figure 2, the fuel pump 2 is ec- 
centrically disposed with respect to the inner cylindrical 
wall of the main housing 5, and the pressure regulator 
10 20 is installed at a branch hole 5c at the bottom of the 
main housing 5. The branch hole 5c is located on. the 
side of the main housing 5 where the gap between the 
inner wall of the main housing 5 and the fuel pump 2 is 
largest The branch hole 5c communicates with a space 
is for unfiltered liquid on the upstream side of the filter el- 
ement 6 at the bottom of the interior of the main housing 

[0029] The pressure regulator 20 is not restricted to 
any particular type. For example, a pressure regulator 
20 like the one illustrated in Figure 11 can be employed. 
However, as the pressure regulator 20 in the present 
embodiment communicates with the upstream side of 
3 the filter element 6, it can have a simpler, easier to man- 
ufacture structure than the pressure regulator 1 0 of Fig- 
25 ure 11 Figure 4 illustrates one example of a suitable 
structure for the pressure regulator 20. It includes a cy- 
lindrical valve 20b provided at the center of a diaphragm 
20a The cylindrical valve 20b is urged into contact with 
a spherical valve seat 20c by a back pressure spring 
30 2 0e disposed between the valve 20b and the bottom of 
atubular housing of the pressure regulator 20. The valve 
seat 20c is secured by welding or other suitable method 
to a valve seat holder 20d which is secured to the hous- 
ing of the pressure regulator 20, A connecting passage 
35 20f for providing fluid communication between the inlet 
of the pressure regulator 20 (at the upper end of the 
pressure regulator 20) and the outlet thereof (at the low- 
er end) is formed in the valve seat holder 20d. 
[0030] When the force acting downwards on the dia- 
40 phragm 20a due to the inlet fluid pressure is larger than 
the upwards biasing force exerted by the back pressure 
spring 20e, the diaphragm 20a is deformed downwards 
by the fluid pressure, and a gap corresponding to the 
difference in force is formed between the valve seat 20c 
45 and the valve 20b. Fuel passes through the gap and is 
discharged from the outlet of the pressure regulator 20, 
and the inlet pressure is maintained constant. When the 
inlet pressure decreases below a prescribed level, the 
valve 20b is pushed upwards by the back pressure 
so spring 20e into contact with the valve seat 20c, and the 
pressure regulator 20 is closed. 
[0031] Figure 3 is a schematic illustration of the em- 
bodiment of Figure 1 . This figure illustrates that the pres-- 
sure regulator 20 is disposed on the upstream side of 
55 the filter element 6 and the check valve 9 instead of on 
the downstream side as in the apparatus illustrated in 

Figure 10. . 
[0032] The embodiment of Figures 1 - 4 operates in 
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the following manner. When the fuel pump 2 is operated, 
gasoline or other liquid fuel is sucked from the interior 
of the fuel tank 1 by the fuel pump 2 through the intake 
filter 3, which removes coarse contaminants. The fuel is 
pressurized by the fuel pump 2 and discharged to the 5 
interior of the fuel filter unit 4 on the upstream side of 
the filter element 6. The pressure regulator 20 commu- 
nicates with the upstream side of the filter element 6, so 
only fuel which is actually required by the unillustrated 
engine passes through the filter element 6 for the re- 
moval of fine contaminants, and fuel which is not re- 
quired by the engine is discharged into the fuel tank 1 
through the pressure regulator 20. Fuel which passes 
through the filter element 6 passes through the check 
valve 9 and into the fuel supply passage 8 for supply to 
the engine. The pressure within the fuel filter unit 4 is 
maintained in a prescribed range by the pressure regu- 
lator 20, which discharges excess fuel to inside the fuel 
tank 1 when the pressure in the fuel filter unit 4 exceeds 
a prescribed level due to an increase in the output of the 
fuel pump 2 or adecrease in fuel consumption by the 
engine. 

[0033] Since only fuel which is actually supplied to the 
engine passes through the filter element 6, the filter el- 
ement 6 can have a smaller filtration surface area than 
the filter element 6 in the apparatus of Figure 9, so the 
filter element 6 can be reduced in size, permitting a re- 
duction in the overall size of the fuel supply apparatus. 
[0034] When the fuel pump 2 is stopped, the check 
valve 9, which is disposed between the engine and the 
filter element 6, maintains the fuel pressure on the en- 
gine side, so the pressure regulator 20 does not need 
to be able to form a tight seal against a high pressure. 
Therefore, the pressure regulator 20 can be a simple 
device like that shown in Figure 4 having only a pressure 
regulating function, so it can be inexpensive and small 
in size. 

[0035] When a brushless dc motor which generates 
no abrased brush contaminant powder is employed as 
the drive source motor for the fuel pump 2, the fuel sup- 
ply apparatus of this embodiment can further be mini- 
mized. 

[0036] Figures 5 - 8 illustrate another embodiment of 
a fuel supply apparatus according to the present inven- 
tion. Figure 5 is a cross-sectional elevation of this em- 
bodiment, Figure 6 is a cross-sectional view taken along 
line 6-6 of Figure 5, Figure 7 is a schematic illustration 
of this embodiment, and Figure 8 is an enlarged per- 
spective view of the vibration absorber of this embodi- 



[0037] The overall structure of this embodiment is 
similar to that of the preceding embodiment, so only dif- 
ferences between the two embodiments will be de- 
scribed. In this embodiment, instead of fuel which pass- 
es through the outlet of the pressure regulator 20 being 
discharged directly into the fuel tank 1 , it is first intro- 
duced into a sedimentation flow path 1 7 in which con- 
taminant particles contained in the fuel can settle out. 



The sedimentation flow path 17 is formed between the 
outer periphery of the fuel pump 2 and the inner periph- 
eral wall of the pump holder 15 and between the upper 
portion of the vibration absorber 16 and the lower end 
surface 5f of the main housing 5. 
[0038] Figure 8 illustrates an example of the shape of 
the vibration absorber 1 6 in this embodiment. It is a gen- 
erally cup-shaped member with a crenelated upper end 
including a plurality of projections 16a spaced around 
the circumference of the vibration absorber 1 6 and a plu- 
rality of recesses 1 6b each disposed between two of the 
projections 16a and defining a groove for holding sedi- 
ment which settles out of fuel flowing through the sedi- 
mentation flow path 1 7. One of the projections 1 6a is 
elongated and extends to the lower end surface 5f of the 
main housing 5 and defines a partition which separates 
the inlet and the outlet of the sedimentation flow path 1 7 
from each other. The remaining projections 16a are 
shorter and do not extend to the lower end surface 5f of 
the main housing 5 so that fuel can flow along the space 
between the upper ends of these shorter projections 16a 
and the lower end surface 5f. A passage which commu- 
nicates between the intake filter 3 and the inlet of the 
fuel pump 2 is formed in the bottom of the vibration ab- 
sorber 16. The inlet of the sedimentation flow path 17 
communicates with the outlet of the pressure regulator 
20, and the outlet of the sedimentation flow path 17 is 
defined by a hole which is formed in a suitable location 
in a wall of the pump holder 15 which communicates 
with the interior of the fuel tank 1 . The vibration absorber 
16, which is, made of a resilient material, is elastically 
compressed between the inner surface of the pump 
holder 15 and the outer surface of the fuel pump 2, so 
it forms a seal against the pump holder 15 and the fuel 
pump 2 along the length of the sedimentation flow path 
17 so that fuel can enter and leave the sedimentation 
flow path 17 only through the inlet and outlet thereof. 
[0039] Figure 9 is a cross-sectional view of another 
vibration absorber 116 for defining a sedimentation flow 
path 117 that can be used instead of the vibration ab- 
sorber 1 6 of Figure 5, Figure 1 0 is an enlarged tegmen- 
tal sectional view of the sedimentation flow path 117 
shown in Figure 9, and Figure 1 1 is a sectional side view 
taken along line 11 - 11 of Figure 9. 
[0040] The vibration absorber 1 1 6 illustrated in Figure 
9-11 comprises a vertically extending partition wall 116a 
having an upper end that abuts against a bottom surface 
105f of the main housing 105 to vertically partition and 
define an inlet 1 1 7b and an outlet 1 1 7c of the sedimen- 
tation flow path 117. In the annular sedimentation flew 
path 117, a number of fins 116b are disposed to extend 
from the inner periphery of the outer wall extending from 
the vibration absorber 116 into the sedimentation flow 
path 117 and in the direction perpendicular to that of the 
fuel flow within the sedimentation flow path 117 and the 
fins 116b define substantially cylindrical vortex spaces 
1 1 7a between them. Each of the vortex spaces 11 7a has 
at its bottom end a blind hole 1 1 6c which is beveled at 
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its open end. These blind holes 116c are independent 
from each other so that they generate stagnation points 
in the fuel flow within the sedimentation flow path 117. 
[0041] The inlet 117b of the sedimentation flow path 
117 communicates with the discharge port of the pres- 
sure regulator 20. The outlet 1 1 7c of the sedimentation 
flow path 117 is defined by a communication hole 
formed at a suitable position in the wall of the pump hold- 
er 15 to open to the interior of the fuel tank 1 . The sed- 
imentation flow path 117 is substantially hermetically 
closed except for the iniet 117b and outlet 117c by fitting 
the vibration absorber 1 1 6 between the fuel pump 2, the 
pump holder 1 5 and the main housing 5 in a slightly elas- 
tically compressed state. 

[0042] In the embodiment of Figure 1 , the fuel which 
is actually supplied to the engine passes through the fil- 
ter element 6 and has fine contaminants removed from 
it. However, excess fuel which is not supplied to the en- 
gine is discharged into the fuel tank 1 by the pressure 
regulator 20 without having passed through filter ele- 
ment 6, since the pressure regulator 20 communicates 
with the upstream side of the filter element 6. 
[0043] When the fuel pump 2 employs a direct current 
motor as a drive source, powder caused by abrasion of 
the brushes and the commutator of the motor is fre- 
quently generated, and this powder is introduced as 
contamination into the fuel passing through the fuel 
pump 2. The amount of the contaminant powder present 
in the fuel which is not supplied to the engine increases 
with the length of operation of the fuel pump 2. The con- 
taminant powder circulates from the fuel pump 2 to the 
fuel filter unit4to the pressure regulator20 to the interior 
of the fuel tank 1 to the intake filter 3 and back to the 
fuel pump 2. In the embodiment of Figure 1 , the contam- 
inant powder can be the cause of problems such as 
clogging of the intake filter 3, a decrease in the sealing 
ability of the pressure regulator 20, and an increase in 
the rotational resistance of the pump<2. 
[0044] In the embodiments of Figures 5 - 8 and 9 - 11, 
the amount of contaminant powder present in the fuel 
circulating through the fuel supply apparatus is de- 
creased by the sedimentation flow path 17. Powder 
formed by the abrasion of the brushes and the commu- 
tator of the motor of the fuel pump 2 has a higher specific 
gravity than the fuel in which it is contained, which is 
typically gasoline or similar liquid. Therefore, when fuel 
containing the contaminant powder is discharged from 
the pressure regulator 20 and introduced into the sedi- 
mentation flow path 1 7 illustrated in Figures 5 - 8, where 
the flow speed of the fuel is reduced, the contaminant 
powder settles out of the fuel within the sedimentation 
flow path 17 and collects as sediment in the recesses 
16b of the vibration absorber 16 instead of being dis- 
charged into the fuel tank 1 . 

[0045] When fuel containing the contaminant powder 
is discharged from the pressure regulator 20 and intro- 
duced into the sedimentation flow path 117 defined by 
the vibration absorber 116 illustrated in Figures 9-11, 



where the flow path 11 7 is circu lar, the flow together with 
the contaminant powder is subjected to a centrifugal 
force and the contaminant powder which has a higher 
specific gravity than the fuel is introduced into the sub- 

5 stantialiy cylindrical vortex spaces 17a, which is dis- 
posed at the outer boundary of the sedimentation flow 
path 1 1 7 and defined in the inner circumferential surface 
of the vibration absorber 116. Since vortexes are gen- 
erated within the vortex spaces 1 1 7a due to the fuel flow 

10 in the flow path 11 7 is substantially tangential to the cy- 
lindrical vortex spaces 117a, the contaminants en- 
trained in the fuel are sucked in the vortex to descend 
along the wall surface of the vortex spaces 117a due to 
the gravity to finally trapped by the blind holes 11 6c dis- 

15 posed at the bottom of the vortex spaces 117a. Thus, 
the contaminant powder cannot further circulates in the 
fuel flow path between the fuel tank and the fuel supply 
apparatus. 

[0046] While the vortex spaces 117a are defined by 
20 the fins 11 6b that extend from the vibration absorber 116 
and the blind holes 1 6c are formed into the surfaces of 
the vibration absorber 11 6 in the embodiment shown in 
Figures 9-11, similar vortex spaces and blind holes may 
equally be defined in the inner circumferential surface 
25 of the pump holder 1 5. 

[0047] Another benefit of the sedimentation flow path 
17 shown in Figures 5 - 8 or the sedimentation flow path 
117 shown in Figures 9-11 is that since the fuel dis- 
charged from the pressure regulator 20 is not introduced 
30 directly into the fuel tank 1 but is introduced into the fuel 
tank 1 through the sedimentation flow path 17 or 117, 
the discharge noise of the pressure regulator 20 can be 
decreased. 

[0048] The embodiment of Figures 5 - 8 may further 

35 include a connecting pipe Sd which extends vertically 
within the main housing 5 along the outer wall thereof 
between the upper portion of the main housing 5 and 
the branch hole 5c. The interior of the connecting pipe 
5d defines a connecting passage 5e which communi- 

40 cates between the upper portion of the main housing 5 
and the branch hole 5c. As schematically illustrated in 
Figure 7, flow to the pressure regulator 20 branches off 
from other flow within the main housing 5 at the upper 
portion of the main housing 5. The lower end of the con- 

45 necting pipe 5d surrounds the branch hole 5c so that 
fuel within the main housing 5 can enter the branch hole 
5c only by passing through the connecting pipe 5d. 
[0049] As mentioned above, fuel which is discharged 
from the fuel pump 2 may contain particulate contami- 

so nants such as powder caused by abrasion in the motor 
of the fuel pump 2. When the pressure regulator 20 is 
in a closed state, the contaminant powder in fuel which 
isintroduced into the pressure regulator20 may become 
caught between the opposing surfaces of the valve 20b 

.55 and the valve seat 20c, preventing intimate contact be- 
tween the opposing surfaces and producing a decrease 
in the sealing ability of the pressure regulator 20. This 
decrease in sealing ability may allow fuel to leak out of 
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the main housing 5 through the pressure regulator 20. 
[0050] In the embodiment of Figure 1 , when the en- 
gine to which the fuel supply apparatus is connected is 
turned off for an extended period, if the level of fuel tank 
1 is sufficiently low, leakage of fuel from the main hous- 
ing 5 through the pressure regulator 20 may occur and 
cause the main housing 5 to run dry. In this state, the 
engine cannot be restarted until the main housing 5 is 
refilled with fuel from the fuel pump 2, leading to a delay 
in restarting. Furthermore, air which is entrained in fuel 
which is abruptly introduced into the empty main hous- 
ing 5 when the engine is to be restarted enters into the 
supply passage 8 from the check valve 9, causing air 
bubble generation which is an impediment to restarting 
of the engine. 

[0051] In the embodiment of Figures 5 - 8, fuel within 
the main housing 20 can only enter the pressure regu- 
lator 20 via the connecting pipe 5d which extends to the 
upper portion of the main housing 5. Therefore, even if 
fuel leaks from the pressure regulator 20 when an en- 
gine connected to the fuel supply apparatus is stopped, 
the main housing 5 as a whole will not run dry, since fuel 
in the portions of the main housing 5 outside of the con- 
necting pipe 5d is prevented by the connecting pipe 5d 
from flowing into the pressure regulator 20. Therefore, 
the engine can be restarted without delay and without 
the introduction of large amounts of air into the engine. 
[0052] Furthermore, since a decrease in the sealing 
performance of the pressure regulator 20 is acceptable, 
the pressure regulator 20 can have a simple valve struc- 
ture which enables the pressure regulator 20 to be eco- 
nomical and compact. 



Claims 

1 . A fuel supply apparatus for installation in a fuel tank, 
comprising a fuel pump, a housing, a filter element 
disposed in the housing and having an upstream 
side communicating with a discharge port of thef uel 
pump, a fuel supply passage communicating with 
the interior of the housing on a downstream side of 
the filter element for supplying fuel to an engine, a 
check valve communicating with the downstream 
side of the filter element for preventing reverse flow 
of fuel through the fuel supply passage, and a pres- 
sure regulator communicating with the upstream 
side of the filter element. 

2. A fuel supply apparatus as claimed in claim 1 in- 
cluding a sedimentation flow path communicating 
with an outlet of the pressure regulator for removing 
sediment from fuel discharged from the pressure 
regulator. 

3. A fuel supply apparatus as claimed in claim 2 
wherein the sedimentation flow path includes a re- 
cess for receiving sediment which settles from fuel 
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passing through the sedimentation flow path. 

4: A fuel supply apparatus as claimed in claim 2 in- 
cluding a pump holder which is attached to the 

s housing and supports the fuel pump, and a vibration 
absorber disposed between the pump holder and 
the fuel pump, wherein the sedimentation flow path 
comprises a space formed between an outer pe- 
riphery of the fuel pump, an inner periphery of the 

10 pump holder, and the vibration absorber. 

5. A fuel supply apparatus as claimed in claim 1 
wherein the housing includes a passage communi- 
cating between an upper portion of the housing on 

15 the upstream side of the filter element and the pres- 
sure regulator. 

6. A fuel supply apparatus as claimed in claim 2 in- 
cluding a pump holder surrounding the fuel pump 

20 for supporting the fuel pump from said housing, 
wherein the sedimentation flow path comprises a 
space formed between an outer periphery of the fu- 
el pump and an inner periphery of the pump holder. 

25 7. A fuel supply apparatus as claimed in claim 6 
wherein a portion of the space defined between the 
inner periphery of the pump holder and the outer 
periphery of the fuel pump is vertically partitioned 
to define an annular sedimentation flow path ex- 

30 tending along the outer periphery of the pump hold- 
er, said sedimentation flow path including substan- 
tially cylindrical vortex spaces defined between a 
plurality of fins projected from the inner periphery of 
said pump holder and having blind holes disposed 

35 at the bottom of the vortex spaces for trapping the 
sediments. 
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(57) A fuel supply apparatus for installation in a fuel 
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ment disposed in the housing and having an upstream 
side communicating with the discharge port of the fuel 
pump. A check valve communicates with a downstream 
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